
Bureau des b'eveis 



Patent 0«.ce 



Ottawa Ca'taaa 
KiA 0C9 



(21) (Al) 



2,017, 466 



(22) 



1990/05/2-; 



(43) 



1990/12/02 



<") 



C.R. 



195-1.22 
CL. 198-1.235 



195-1,32 

530-13.00 

167-37 



167-139 
167-103.46 



5 



(51) INTL.CL. C12N-15/16; C12P-21/02; C07K-13/00; A61K-37/24; 
A61K-39/395 

(19) (CA) APPLICATION FOR CANADIAN PATENT (12) 

(54) Bone Calcification Factor 

(72) Kiefer, Michael C. - U.S.A. 
Masiarz, Frank R. - U.S.A. ; 
Barr, Philip J- - U.S.A. ; 

(73) Chiron Corporation - U.S.A. ; 
(30) (US) 360,836 1989/06/02 

(57) 37 Claims 



Notice: The specification contained herein as filed 



Canada 



CCA 3?S4 {1089) 41 



2017 

-50- 
ABSTRACT 

Tha isolation, identification and production by 
recombinant Mthods of bona calcification factor, a 
22KD polypaptida, ara disclosed. Tha paptide has 
calcification-inducing activity whan implant ad with 
Matrix Gla protain into mamals. 
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BOMS CAIjCiriCATION TACTOR 

Thi. invntion flat., to a clas. of mature native 
.aamalian protein, which initiate, calcification and 
which i. named herein a. bona calcification factor 

(BCD. Repreeentative of thi. clas. ara hu»*n and 
bovina BCF, for which tha full langth coding 

..quence. ar. provide h.rain. Th. BCF i. providad 

by isolation from bona sources and by .ynthe.i. using 

raconbinant DHA technique*. 

ffftC]fr .potmD rtf THfi tmvemttoh 

It is Xnown that demoralized bona matrix induca. 
naw bona formation wban implanted in tha .oft ti.sua 
by a proca.s generally da.ignatad a. matrix inducad 
bona formation (.aa Crist. M.R., fifilfinsa, 15ft: 893- 
899 (1965)). Thara hava baan numarou. affort. to 
extract and identify tha active material (or 
material.) which induce, thi. proce.., and it ha. 
been generally refarrad to in tha literature a. bone 
morphogenetic proteinC) (BMP) . It i. uncertain 
whether BMP i. a. .ingl. material or a mixture of 
wterial., and there doe. not nppaax to be agreement 
among the investigators as to which material, if any, 
is the bone morphogenetic protein. 

The therapeutic use of BMP offers considerable 
advantages over use of traditional bone graft 
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materials. While not intended to be limited by any 
theory, one hypothesis assumes that BMP transforms 
tissue calls into osteoblasts (calls that manufacture 
bone) . During a process that^ replicates normal human 
fetal development, BMP- induced osteoblasts form 
cartilage which, over a period of several months, 
evolve into solid bone. Thus BMP may be useful for 
replacing bone that has been destroyed by disease or 
accident, for use in treatment of scoliosis victims, 
for treatment of mal- or mis-formed bone, for use in 
healing of a fracture, etc. 

It is thus an object of the present invention to 
produce a functional bone calcification factor or a 
component thereof, which is a 22 KD protein 
identified by its entire amino acid sequence, which 
initiates calcification. 

It is another object of the present invention to 
produce this biologically active 22 KD protein by 
recombinant DNA technology* 

It is yet another object of the present invention to 
construct nucleic acid screening probes for isolation 
of the gene comprising the 22 KD BCF. 

It is yet another object of the present invention to 
provide an aaino acid sequence of mature 22 KD BCF 
which can be thus prepared by direct biochemical 
synthesis or from constituent amino acids by peptide 
synthesis, for example as by the Herri field method, 
and particularly by use of automated peptide 
synthesis technology. 

These and other objects of the invention will be 
apparent froa the following description of the 
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preferred embodiments and from practice of the 
invention. 

StTMMARY Or THE TWVEHTIQM 

The present invention provide* a class or mature 
native mammalian proteins (tha class is termed harain 
as BCF), represented by nativa human and bovina BCF 
dascribad herein, which initiate calcification in 
vivo which is important for formation of bona. Tha 
human and/or bovina BCF can ba usad to idantify and 
isolata other mamnalian BCr protains which may or may 
not ba homologous (in thair nuclaotida and amino acid 
sequences) to human or bovina BCF and which axhibit 
tha BCF biological activity. It is recognized that 
there may be allelic variations in BCF within a 
species, and such allelic variants are also within 
the scope of the class of proteins provided by the 
present invention. 

The present invention further provides polypeptides 
which are analogs of BCF, such as BCF Bute ins, fusion 
proteins, comprising BCF or BCF domains, and BCF 
fragments. The term fusion protein includes a 
protein comprising a complete BCF sequence or a BCF 
domain, and a heterologous K- or C-terminal sequence 
(such as a signal sequence or sequence which protects 
the protein from degradation) . A BCF mutein is a 
protein substantially homologous to a native BCF 
sequence (ft.o;., a minimum of about 75%, 85%, 90% or 
95% homologous) wherein at least one amino acid is 
different. A BCF fragment or domain is an amino acid 
sequence of sufficient length from a BCF protein such 
that it is identifiable as having been derived from 
such BCF protein. The origin of a particular peptide 
can be determined, for example, by comparing its 
sequence to those in public databases. 



20174HC 



-•»- 



Th. present invention further provide. a 22 KD bone 
calcification factor having th. Human and bovin. 
aaino acid .aquanca. shown in TIG. 1. Th. pr.a.nt 
invention also provida. m.thods of preparing th. 22 
KD bona calcification factor (BCF) by r.co«binant DNA 
technique* . 

Th. p«Mnt invention provide th. DMA Mqu.no. 
•ncoding BCF. which My b. UMd to construct vactor. 
for expression in host .yit«u by recombinant DMA 
t.chniquas. 

Th. present inv.ntion also provide, th.rapautic 
compositions comprising BCF *nd »trix Cla protain 
(MCP) for initiating calcification and nathod. for 
inducing calcification in v.rtabrat.. by introducing 
ID XiY2 at tha desired sit. an .rf.ctive 
calcification initiating amount of BCF and MGP Th. 
id.ntity of MCP was first raportad by Price, Crist 
and otawara in BjoghM. Blonhvs. »„«■■ ^ ai7:765 . 
771 (1983). 

BRIEF DKSCRIPTTOM nr the ni>x WT Hn «, 

FIG. 1 dapict. tha DNA sequence, and encoded amino 
acid s.qu.ncas of human and bovina BCF including 
thair signal sequences; 

FIG. 1A depict, tha «,ino acid sequence of huaan BCF 
(hBCF) without ita signal peptida; 

FIG. IB dapicts tha amino acid sequence of bovina 
BCF (bBCF) without its signal peptide; 

FIG. ic depicts th. DNA sequence encoding hBCF 
without its signal sequence; 
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FIC. ID depicts the DHA sequence encoding bBCF 
without its signal sequence; 

FIG* 2 illustrates the sequence of human BCF tryptic 
f ragman t no. 41, a two- fold degenerate 45-mer 
oligonuclaotida proba (probe A) , and a sacond proba 
B, dasignad therefrom, consisting of 64 18-mers which 
ara complementary to all possibla codons shown* 

FIG* 3 illustrates proba C (darivad from clona Ost 3- 
7) and four BCF cDHA clonas i sol a tad from a bovina 
cDNA library (bbl.1-7) .and two human ostaosarcoma 
cDHA libraries (Ost 1-7, Ost 3-7 and Ost 3-17). Tha 
length, coding ragion (boxad) and partial rastriction 
map of tha clonas is included. Tha Ncol and Spal 
sitas (*) ara only prasant in tha human BCF 
sequences. 

FIG. 4 il lust rat as oligonuclaotida adapters (boxad) 
usad to prapara BCF expression vectors which are 
secreted from yeast using the alpha-factor signal 
peptide* 

FIG* 4A illustrates the junction between the BCF- 
encoding DMA and promoter in an expression vector 
used to express unsecreted BCF in yeast. 

FIGS. 5, 6 and 7 are photomicrographs of the 
quadriceps pouches of mice 21 days after implantation 
of a composite of recombinant hBCF and HGP, shewing 
initiation of calcification. 

DETAILED D ESCRIPTION OF THE INVENTION 

The BCF according to the present invention may be 
obtained, free of other osteoinductive associated 
factors, directly from bone sources, by preparative 
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peptide synthesis using chemical methods (such as the 
Merrifield synthesis Mthod) or by recombinant DNA 
technology. 

As more particularly described in Example 1, BCF may 
be obtained by purification from human, bovine, or 
other vertebrate bone from partially purified 
extracts Cfl*fl*# U.S. Patent 4,795,804 and references 
cited therein) by preparative gel electrophoresis and 
electroelution of the 22 X protein. 

BCF may also be obtained by recombinant DMA methods, 
such as by screening reverse transcripts of mRHA, or 
by screening genomic libraries from any cell. The 
DNA may also be obtained by simply synthesizing the 
DNA using commonly available techniques and DNA 
synthesizing apparatus. Synthesis may be 
advantageous because unique restriction sites may be 
introduced at the time of preparing the DNA, thereby 
facilitating the use of the gene in vectors 
containing restriction sites not otherwise present in 
the native source. Furthermore, any desired site 
modification in the DNA may be introduced by 
synthesis, without the need to further modify the DNA 
by mutagenesis. 

In general, DNA encoding BCF may be obtained from 
human, bovine or other sources by constructing a cDNA 
library from mRNA isolated from bones of the 
vertebrate; and screening with labeled DNA probes 
encoding portions , of the human or chains in order to 
detect clones in the cDKA library that contain 
homologous sequences; or toy polymerase chain reaction 
(PCR) amplification of the cDNA (from mRNA) and 
subcloning and screening with labeled DNA probes; and 
then analyzing the clones by restriction enzyme 
analysis avid nucleic acid sequencing so as to 
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identify full-langth clones and, if full-length 
clones Art not present in the library* recovering 
appropriate fragments from the various clonea and 
ligatlng tham at restriction sites couon to tha 
clones to assemble a clona encoding a full-length 
molacula. Particularly preferred DMA probaa ara aat 
forth in tha accompanying examples. Any sequences 
missing froa tha library may ba obtainad by tha 3* 
extension on tha complementary mJRKA of synthetic 
oligodeoxynucleotides identified by screening cDHA in 
the library (so-called primer extension) , or 
homologous sequences may be supplied from known cDNAx 
derived from human or bovine sequences as shown in 
FIG. 1. 

The practice of the present invention will employ , 
unless otherwise indicated, conventional molecular 
biology, microbiology, and recombinant DMA techniques 
within the skill of the art. Such techniques are 
explained fully in the literature. Sftft 
Maniatis, Fritsch & SambrooX, "Molecular Cloning: A 
Laboratory Manual" (1982); "DMA Cloning: A Practical 
Approach," Volumes I and II (D.N* Clover ad. 1985)? 
"Oligonucleotide Synthesis" (M.J. Gait ed. 1984); 
"Nucleic Acid Hybridization" (B.D. Hamas 6 
S.J. liiggins eds. 1985); "Transcription And 
Translation" (B.D. Hamas & S.J. Higgins eds. 1984); 
"Animal Cell Culture" (R.I. Freshney ed. 1986); 
"Immobilised Cells And Enzymes" (IRL Press, 1986) ; 
B. Perbal, "A Practical Guide To Molecular Cloning" 
(1984). 

In describing the present invention, the following 
terminology will be used in accordance with the 
definitions sat out below. 
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The term "osteoinductive associated factors" 
include, factor* known In the art which ere pra.ant 
in mammalian bona or other mammalian tia.ua and tend 

to co-purify with BMP or BMP activ'ty. Such factor, 
includa proteins which have bean isolated from bona 
having r.portad molecular weights of 3-. KD. 24 KD. 
18.5 KD, 17.5 KD. 17 KD. 16.5 KD. 14 KD , . citad in 
U.S. Patant Mo. 4.761.471). and 6 KD (r< - t .ed by 
Prica. P.A.. «tal-. from BIAS.. 21. PP' "47-1451. 
1976) . 

A "raplicon" is any genetic element (ft.fl.. plasmid, 
chromosome, viru.) that function, a. an autonomous 
unit of DHA raplication In Yiyflj I-*. . capabla of 
raplication undar it. own control. 

A "vector" i» a raplicon, «uch a* plasmid, phaga of 
cosmid. to which anothar DMA segment nay ba attached 
so as to bring about th* replication of the attached 
segment. 

A -double-stranded DMA molecule" refers to the 
polymeric form of deoxyribonucleotides (adenine, 
guanine, thymine, or cytosine) in its normal, double- 
stranded helix. This term refers only to the primary 
and secondary structure of the aolecule, and does not 
limit it to any particular tertiary forms. Thus, 
this term includes double-stranded DMA found, intCX 
aJULft, in linear DMA molecules (e..g.. restriction 
fragments), viruses, plasmids. and chromosome.. In 
discussing the structure of particular double- 
stranded DNA molecules, sequence* may be described 
herein according to the normal convention of giving 
only the sequence in the 5' to 3' direction along the 
nontranscribed strand of DNA the .trend having 

a sequence homologous to the mRNA) . 
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A OKA "coding sequence" is that portion of a DMA 
eequence, tha transcript of which ia translated into 
a polypeptide In vivo vhan placed undar tha control 
of appropriate regulatory sequences. Tha 
5 complementary DMA strand vill ba understood to be 

that strand which is transcribed* The boundaries of 
the coding sequence are determined by a start codon 
at the 5' (amino) terminus and e translation stop 
codon at the 3* (carboxy) terminus. A coding 

10 sequence can include, but is not limited to, 

procaryotic sequences, cOHA from eucaryotic mRNA, 
genomic DHA sequences from eucaryotic (*.g. , 
mammalian) DHA, and even synthetic DHA sequences. A 
polyadenylation signal and transcription termination 

15 sequence will usually be located 3* to the coding 
sequence. 

A "promoter sequence* is a DNA regulatory region 
capable of binding KHA polymerase in a cell and 
initiating transcription of a downstream (3' 

20 direction) coding sequence. For purposes of defining 
the present invention, the promoter sequence is 
bounded at its 3' terminus by the translation start 
codon of a coding sequence and extends upstream (5' 
direction) to include the minimum number of bases or 

25 elements necessary to initiate transcription at 
levels detectable above background. Within the 
promoter sequence vill be found a transcription 
initiation site (conveniently defined by mapping with 
nuclease SI) , as well as protein binding domains 

30 (consensus sequences) responsible for the binding of 
HNA polymerase. Eucaryotic promoters will often, but 
not always, contain "TATA" boxes and "CAT* boxes. 
Procaryotic promoters contain Shine-Dalgarno 
sequences in addition to the -10 and -35 consensus 

35 sequence*. 
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A coding sequence is "under the control" of the 
promoter sequence in a cell when RMA polymerase which 
binds the promoter sequence transcribes the coding 
sequence into mRNA which is^then in turn translated 
into the protsin encoded by the coding sequence. 

A call has been "transformed" by exogenous DMA whsn 
such exogenous DMA has been introduced into the csll 
membrane . Exogenous DKA may or may not be integrated 
(covalently linked) to chromosomal DKA making up the 
genome of the cell. In procaryotes and yeast , tor 
example, the exogenous DMA may bo maintained on en 
episomal element such as a plasmid. Kith respect to 
eucaryotic cells, a stably transformed cell is one in 
which the exogenous DMA has become integrated into a 
chromosome so that it is inherited by daughter cells 
through chromosome replication. This stability is 
demonstrated by the ability of the eucaryotic cell to 
establish cell lines or clones comprised of a 
population of daughter cells containing the exogenous 
DMA. A "clone" is a population of cells derived from 
a single cell or common ancestor by mitosis. A "cell 
line 9 * is a clone of a primary cell that is capable of 
stable growth in vitro for many generations. 

Two DMA sequences are "substantially homologous 1 * when 
at least about 85% (preferably at least about 90%, 
and most preferably at least about 95%) of the 
nucleotides match over the defined -length of the DMA 
sequences. Sequences that are substantially 
homologous can be identified in a Southern 
hybridization experiment under, for example, 
stringent conditions as defined for that particular 
system. Defining appropriate hybridisation 
conditions is within the skill of the art. See, 
fl.fl., Maniatis aJL- , ftUPXa; DMA Cloning, Vols. I 4 
II, suora ; Nucleic Acid Hybridization, fiUPXA. 
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A "heterologous" region of the ONA construct la an 
identifiable segaent of DMA within a larger ONA 
■olecule that ia not found in aaaociation with tha 
larger molecule in nature. Thua, whan tha 
heterologous region encodes a aoulian gene, the 
gene will uaually be flanked by DHA that doaa not 
flanX the mammalian genomic DHA In the genome of the 
source organi... Another example of , heterologoua 
coding aequence ia a conatruct where the coding 
sequence itaelf ia not found in nature ( A . a ., a cDKA 
where the genomic coding aequenca contains introna, 
or synthetic sequences having codons different than 
the native gene) . Allelic variations or naturally- 
occurring mutational events do not give riae to a 
heterologous region of DMA as defined herein. 

A coaposition coaprising -A- (where -A- is a single 
protein, DMA molecule, vector, etc.) 1. aubstantially 
free of "B" (where -B- comprises one or more 
contaninating proteins, ONA Molecules, vectors, etc.) 
when at lea«t about 75% by weight of the proteina, 
DMA. vectors (depending on the category of species to 
which A and B belong) in the coapoaltion is "A". 
Preferably, -A- comprises at least about 90% by 
weight of the A+B species in tha composition, most 
preferably at least about 99% by waight. It is also- 
preferred that a coaposition, which is substantially 
free of contaaination, contain only a single 
aolecular weight species having tha activity or 
characteristic of the species of interest. 

As aore particularly described la the following 
exaaples, hunan and bovine cDNA libraries were 
initially probed for sequences encoding BCF sequences 
using labeled oligodeoxynucleotides whose sequences 
were based on a partial amino acid sequence 
determined from analysis of purified protein samples 
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d*riv«d from bone described herein. Hovtvar, it is 
realized that once being provided vith non- 
chroaosomal DMA encoding human and bovine BCr and 
their leader sequences a* described herein, one of 
5 ordinary skill In the art would recognize that other 
precisely hybridizing probes may be prepared from the 
described sequences in order to readily obtain the 
remainder of the desired human or .bovine gene. 

The non-chromosomal ONA provided by -the present 
10 invention is novel, since it is believed that the 
naturally-occurring human and bovine genes 
(chromosomal) contain introns (transcribed sequences, 
the corresponding amino acids of vhich do not appear 
in the mature protein). Hence, the term "non- 
15 chromosomal** excludes the DNA sequences vhich 

naturally occur in the chromosomes of human or bovine 
cells. The present invention also encompasses the 
non-chromosomal cDNA sequences derivable from the DNA 
sequences disclosed herein. 

20 Vectors are used to amplify the UNA vhich encodes the 
chains, either in order to prepare quantities of DNA 
for further processing (cloning vectors) or for 
expression of The chains (expression vectors) • 
Vectors comprise plasmids, vixoses (Including phage) , 

25 and Integra table DNA f ragmetffcs, JL.£. , fragments that 
are Integra table into the host genome by 
recombination. Cloning vectors need not contain 
expression control sequences. However, control 
sequences in an expression vector include a 

30 transcriptional promoter, -an optional operator 
sequence to control -transcription, a sequence 
encoding suitable rRNA ribosomal binding sites (for 
prokaryotic expression) , and sequences vhich control 
termination of transcription and translation. The 

35 expression vector should preferably include a 
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selection gene to facilitate the stable expression of 
BCF and/or to identify trans formants. However, the 
selection gene for maintaining expression can be 
supplied by a separate vector in cotrans formation 
systems using eukaryotic host cells* 

Suitable vectors generally will contain replicon 
(origins of replication, for use in non-integrative 
vectors) and control sequences which are derived from 
species compatible with the intended expression host. 
By the term "replicable* vector as used herein, it is 
Intended to encompass vectors containing such 
replicons as well as vectors which are replicated by 
integration into the host genome. Transformed host 
cells are cells which have been transformed or 
transfected with vectors containing BCF encoding DNA* 
The expressed BCF will be deposited intracellularly 
or secreted into either the periplastic space or the 
culture supernatant, depending upon the host cell 
selected and the presence of suitable processing 
signals in the expressed peptide, fi.fl. homologous or 
heterologous signal sequences. 

Suitable host cells are prokaryotes or eukaryotic 
cells. Prokaryotes include Gram negative or Gram 
positive organisms, for example £. coli or bacilli. 
Eukaryotic cells include yeast, higher eukaryotic 
cells such as established cell lines of mammalian 
origin, or insect cells. Expression in insect cells 
may be accomplished using host cells and insect 
expression vectors as disclosed by Luckow, V.A., and 
Summers, M.B., piotechnolooY 6; 47-55 (1976). 

Expression vectors for host cells ordinarily include 
an origin of replication, a promoter located upstream 
from the BCF coding sequence, together with a 
ribosome binding site, a polyadenylation site, and a 
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transcriptional termination sequence. Those of 
ordinary skill will appreciate that certain of these 
sequences are not required for expression in certain 
hosts. An expression vector Xor us* with microbes 
need only contain an origin of replication recognired 
by the host, a promoter which will function in the 
host and a selection gene. 

An expression vector is constructed according to the 
present invention so that the BCr coding sequence is 
located in the vector with the appropriate regulatory 
sequences, the positioning and orientation of the 
coding sequence with respect to the control sequences 
being such that the coding sequence is transcribed 
under the "control* of the control sequences (i.e., , 
RNA polymerase which binds to the DMA molecule at the 
control sequences transcribes the coding sequence) 
The control sequences may be ligated to the coding 
sequence prior to insertion into a vector, such as 
the cloning vectors described above. Alternatively, 
the coding sequence can be cloned directly into an 
expression vector which already contains the control 
sequences and an appropriate restriction site. For 
expression of BCF in procaryotes and yeast, the 
control sequences will necessarily be heterologous to 
the coding sequence. If tne host cell is a 
procaryote, it is also necessary that the coding 
sequence be free of introns <e..g;., cDHA) . If the 
selected host cell is a mammalian cell, the control 
sequences can be heterologous or homologous to the 
BMP coding sequence, and the coding sequence can 
either be genomic DHA containing introns or cDHA. 
Either genomic or cDHa coding sequences can be 
expressed in yeast. 

Expression vectors must contain a promoter which is 
recognired by the host organism. Promoters commonly 
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known and available which are used in recombinant DNA 
construction include the ^-lactamase (penicillinase) 
and lactose promoter systems, a tryptophan (trp) 
promoter system and the <tac promoter. While these 
5 are commonly used, other known microbial promoters 
are suitable. 

In addition "to proXary otes f eukaryotic cells such as 
yeast are transformed vith BCF encoding vectors. 
Saccharoayces cerevisiae f or common baker's yeast, is 

10 the most commonly used among lover eukaryotic host 
microorganisms. However, a number of other strains 
are commonly available xmd useful herein. Yeast 
vectors generally will contain an oric n of 
replication from the 2 micron yeast plasmid or an 

15 autonomously replicating sequence (ARS) , a promoter, 
DNA encoding BCF, sequences for polyadenylation and 
transcription termination, and a selection gene. 

Suitable promoting sequences in yeast vectors include 
the promoters for the glycolytic enzymes such as 

20 enolase, 3 -phosphogly cerate kinase, glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphofructokinase, glucose-6- 
phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, 

25 phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which have the additional 
advantage of transcription controlled by growth 
conditions are the promoter regions for alcohol 
dehydrogenase 1 or 2, isocytochrome C, acid 
30 phosphates s, am veil as enzymes responsible for 
maltose and galactose utilization. 

Higher eukaryotic cell cu* \ ireo may be used, whether 
from vertebrate or inverteoratQ cells, including 
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insecta, and the procedural of propagation thereof 
ara known. See, for example, XiUUfl C u lturtt * 
Academic Press, Kruse and Patterson, aditora (1973). 

Suitabla host calls for expressing BCF in higher 
eukaryote* Include: monkey kidney CVI Una 
transformed by SV40 (COS-7, ATCC CRL 1651) ; baby 
hamster kidney cells (BHK, ATCC CM* 10) ; chinaaa 
hamatar ovary-cell s-DHFR (dascribad by Urlaub and 
Chasin, PHAS (USA) 22: 4216 (1980)); mouse aartoll 
cells (TM4, Mather, J. P., Blvl> Rwrvdt, 21: 243-251 
(1980)); monkey Jcidney call* (CVI ATCC CCL 70); 
african green monXey kidney calls (VERO-76, ATCC CRL- 
1587) ; human carvical carcinoma calls (HE LA, ATCC CCL 
2) ; canina kidney calls (MOCK, ATCC CCL 34) ; buffalo 
rat livar calls (BRL 3A, ATCC CRL 1442) ; human lung 
calls (W138, ATCC CCL 75); human livar calls (Hap G2, 
HB 8065); mouse mammary tumor (MKT 060652 , ATCC CCL 
51); rat hapatoma calls (HTC, Ml, 54, Baumann, H., *£ 
al., , T r call Biol, fifi: 1-8 (1980)) and TRI cells 
(Mathar, J. P., £fc Annttlff HtYt nCttdt Sclt l&l* 

44-68 (1982)). Commonly used promoters are derived 
from polyoma. Adenovirus 2, and Simian Virus 40 
(SV40) • It will be appreciated that when expressed 
in mammalian tissue, the recombinant BCF may have 
higher molecular weight due to glycoaylation. It is 
therefore intended that partially or completely 
glycosylated forms of BCF having molecular weights 
greater than that provided by the amino acid backbone 
are within the scope of this invention. 

A number of procaryotic expression vectors are known 
in the art* See, *.fl., U.S. Patent Kos. 4,440,859; 
4,436,815; 4,431,740; 4,431,739; 4,428,941; 
4,425,437; 4,418,149; 4,411,994; 4,366,246; 
4,342,832; s_£fi Alfia U.K. Pub. Nos. GB 2,121,054; 
GB 2,008,123; GB 2,007,675; and European Pub. 
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Ho. 103.393. Preferred procaryotic expres.lon 
system* are in I- call. Other preferred expre.eion 
vectors are those for use in eucaryotic systems. An 
exemplary eucaryotic expression system i» that 
5 employing vaccinia virus, which is wall-known in the 
art. 6«a. «.0-. Kackat *£ *!• (1984) iT . Viro l- 
12:8571 "DMA Cloning." Vol. XI. pp. 191-211, *ttpxa.J 
PCT Pub. Mo. MO 86/07593. Yaaat expression vectors 
ar « known in the art. See. e..fl.. U.S. Patent 
10 Hoe. 4.446.235J 4.443,5391 4,430.4281 ftfift al*Sl 

European Pub. Mos. 103.409; 100,561; 96.491. Another 
expreaaion system ia vector pHSl, which transforms 
Chinese hamster ovary cells. The uae of the vector 
Is described in PCT Pub. Mo. HO 87/02062. the 
disclosure of which is incorporated herein by 
reference. 
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Mammalian tissue can be cotransformed with DMA 
encoding a selectable marker such as dihydrofolate 
reductase (DHFR) or thymidine kinase and DMA encoding 
: 20 BCF. If wild type DHFR protein is employed, it is 

( preferable to select a host cell which is deficient 

in DHFR, thus permitting the use of the DHFR coding 
sequence as marker for successful transfection in 
hgt" medium, which lacks bypoxanthine, glycine, and 
25 thymidine. An appropriate host cell in this case is 
the Chinese hamster ovary (CHO) cell line deficient 
in DHFR activity, prepared and propagated as' 
described by Urlaub and Chasin, 1980, Frog. Hflti , 
Acad. Sci . (USA) 22: 4216. 

30 Recently, expression vectors derived from Bacclovirus 
for use in insect cells have become known in the art. 

Depending on the expression system and host 
selected, BCF is produced by growing host cells 
transformed by an expression vector described above 
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under condition* whereby the BCF protein is 
axpressed. Th« «nzyM protein is then isolated from 
the host calls and purified. If the expression 
system secretes the enzyme into growth media, the 
protein can be purified directly from cell-free 
media. If the BCF protein is not Mcr«t«d # it is 
isolated from call lysates- the selection of the 
appropriate growth conditions and recovery nathods 
ara within the skill of the art. 

The recombinants made BCF is recovered from 
transformed cells in accordance with par Aft known 
procedures. Preferably, an expression vector will be 
used which provides for secretion of BCF from the 
transformed cells, thus the cells may be separated 
15 by centrifugation. The BCF generally is purified by 
general protein purification techniques, including, 
but not limited to, size exclusion, ion-exchange 
chromatography, HPLC, and the like. 

Once a coding sequence for BCF has been prepared or 
20 isolated, it can be cloned into any suitable vector 
or replicon and thereby maintained in a composition 
which is substantially free of vectors that do not 
contain a BCF coding sequence (ft.fl. # free of other 
library clones). Numerous cloning vectors are known 
25 to those of skill in the art. Examples of 

recombinant DMA vectors for cloning and host cells 
which they can transform include the various 
bacteriophage lambda vectors (£. Cfili) # pBR322 
(B. CGli), PACYC177 (2* Cfili), PKT230 (gram- negative 
30 bacteria), pGV1106 (gram-negative bacteria), pIAFRl 
(gram-negative bacteria) , pME290 (non-S. cfili gram- 
negative bacteria) , pHVIA (£. Cfili and Bacillus 
subtilis), pB09 (Bacillus), pIJ61 (Streptomyces) , 
pUC6 (Streptomyces), actinophage, *C31 
35 (Streptomyces), YIpS (Saccharowycoo) , YCpl9 
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(Saccharosycaa) , and bovina papilloma virus 
(mammalian calls). fieji generally . DNA Cloning: 
Vols* I * XX# ftUPX&; T. Maniatis Ol- • fiUPXAJ 
B. Perbal, sypxa. 

It is further intended that calcification-initiating 
fragments of BCF ara within tha scope of tha present 
invention. Such activa fragments may ba producad, 
for example, by papain digaation of BCF. Tha activa 
fragments My ba idantif iad by tha In yiVQ and/or in 
vitro assays dascribad hereinbelow. 

Altamativaly tha BCF may ba made by convantional 
paptida synthasia using tha principlas of tha 
Harrifiald synthasis and prafarably using commercial 
automatic apparatus dasignad employ tha methods of 
the Kerrifield synthasis. Peptides prepared using 
tha Merrifiald synthasis may be purified using 
conventional affinity chromatography, gel filtration 
and/or RP-HPLC. 

FIG* 1 shows tha aligned nucleotide and deduced amino 
acid sequences for both bovine and human BCF for 
maximum amino acid sequence identity.* Amino acids 
not conserved in both species are boxed. The 
putative, initiation codon is located at position -17 
followed by a stretch of amino acids shoving strong 
hydrophobicity characteristics of signal peptides. A 
putative signal peptide cleavage site is indicated by 
the arrow. The putative mature proteins begin at 
position l(Gln), and contain 183 amino acids, of 
which 96.2* are identical. The derived molecular 
weight ot human BCF is 21,967 and for bovine BCF is 
21,984. The underlined sequences are those from 
which the oligonucleotide probes are derived. 
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Substantially pur* BCF, higher molecular glycosylated 
forms thereof, or active fragments thereof, or the 
nontoxic salts thereof , combined with a 
pharmaceutical ly acceptable carrier to form a 
5 pharmaceutical composition, may be administered to 
mammals, including humans, either intravenously, 
subcutaneous ly, percutaneous ly, intramuscularly or 
orally* 

Such proteins are often administered in the form of 

10 pharmaceutical^ acceptable nontoxic salts, such as 
acid addition salts or metal complexes, £.y># vith 
xinc, iron or the like (which are considered as salts 
for purposes of this application) . Illustrative of 
such acid addition salts are hydrochloride, 

15 hydrobromide, sulphate, phosphate, maleate, acetate, 
citrate, benzoate, succinate, malate, ascorbate, 
tartrate and the like. If the active ingredient is 
to be administered in tablet form, the tablet may 
contain a binder, such as tragacanth, com starch or 

20 gelatin; a disintegrating agent, such as alginic 

acid; and a lubricant, such as magnesium stearate. 
If administration in liquid form is desired, 
sweetening and/or flavoring may be used, and 
intravenous administration in isotonic saline, 

25 phosphate buffer solutions or the like may be 
effected. 

Pharmaceutical compositions will usually contain an 
effective amount of BCF in conjunction with a 
conventional, pharmaceutically acceptable carrier. 
30 The dosage will vary depending upon the specific 

purpose for which the protein is being administered, 
and dosage levels in the range of about 0.1 jig to 
about 100 milligrams per Kg. of body weight may be 
used. 
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Implant. of recombinant BCF. when mixed with matrix 
Cla protein (MCP) (••• Example 7). will initiate 
calcification. Tha BCF may be either the human or 
bovin. form or mixture, tharaof. Similarly, tha HCP 
M y ba any mammalian form tharaof. preferably human, 
bovin. or mixtura. tharaof. Matrix Cla protain (HOP) 
»ay ba isolated in tha oour.a of preparation of bona 
morphogenetic protain (BMP) from demineralired 
gelatinired bovina cortical bona by tha method, of 
Urist *£ fll. [S««: Price e£ ftl. . Ermr . Nntl. nCBd . 
Bni. PSA 73:1447, 1976; Urist, M.R.. HUO, Y.K. 
Brownell, A.G.. Hohl. W.M. Buy axe, J. . Uetxe. A. . 
Tempst, P. , Huaxapillar, M. . and DeXang*. *• J - s 
Purification of bovine bone morphogenetic protain by 
hydroxy apatite chromatography. PnXT i Hatli nCttd. 
Sfii. 81:371-375, 1984 and Uri.t, K.R., Chang, J.J., 
Lietxe, A.. Huo. Y.K.. Brownell, A.C., and OeLange, 
r.j. : Method, of preparation and bioa.say of bona 
morphogenetic protain and polypeptide fragments. In: 
Bame., D. . and Sirbaska, D.A. (ads.): Hfttnodg I n 
Trnrvmoloav . vol. 146. Mew York. Academic Pres., 
1987, pp. 294-312). A preparation containing MGP is 
f ir.t .eparated from other bone matrix protein by 
hollow fiber ultrafiltration through a 10 K pore-.ixe 
filter. Oiider dissociated conditions in 6M urea and 
0.02 M edetic acid (EDTA) , the MCP assumes an 
elongated structure in which protein, with 14 to 15 K 
molecular weight (M r ) pass through a 10 K filter. 
The MCP is further purified by ion exchange 
) chromatography (Berg. R.A. In*. Methods in 
Ensymology, 1982, vol. 82:372-398). 

Furthermore, to initiate calcification BCF and MGP 
may be mixed with any combination of one or more 
other proteins, particularly, with one or more other 
5 proteins derived from bone. Such mixtures may not 
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only initiate calcification, but «ay also indue, 
cartilag. formation and bona growth. 

Implant, of mixture, of BCF and HGP indue, 
calcification in th. quadriceps co.parta.nt. Th. BCF 
cDHA may al.o b. utilized in a diagnostic t..t for 
identifying .ubject. having defective BCF-gen... 
d.f.ctiv. BCF or autoantibodies directed against BCF; 
or to d.t.ct levels of BCF. which uyk*" 
indication of osteoporosis. 

Preparation, of BCF may be amy«J Att Xlxfl according 
to the method described by TJri.t fli fll-, ttrtftodg in 
EntynglMY d>. Barna. and D.A. Slrbaska. Ed*-) , 
vol. 14«. PP. 294-312. Academic Pre... M.Y. (1987). 
and in Xiirfl by th. m.thod of Sato and TJri.t. SlilU 
Orinflp... 183:180-187 (1984) a. modified by Kavamura 
and Uriat. Deju_Bifll., 130:435-442 (1988). all of 
which ar. incorporate by reference herein. 

It i» preferred that the BCF te admixed with matrix 
Gla protein (MOP) to for. a delivery system 
comprising these two proton.. The amount of MGP in 
the composition i. not believed to be critical and. 
for convenience, equal portion, of BCF and MGP may be 
used in dosages in the range ot about 0.1 m9 
(combined weight of BCF and MS* to 100 mg/Kg. body 
weight. 

The BCF and MGP may be implanted a. a time-release 
composition encapsulate, for instance, in liposome, 
or other time-release membrane., natural or 
aynthetic. which are absorbable by th. ho.t .ubj.ct. 

The purification protocols, described in detail 
below, allow for th. first tim. th. purification of 
native BCF in suff ici.nt quantity and at a high 
enough purity to permit accurate amino acid 
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•equencing. Tha amino acid eequ.nce. derived fro. 
th« purified BCf allow tor the design of probe, to 
aid in tha iaoUtlon of nativa BCF nuclaic acid 
aaquence. or tha design of synthetic nuclaic acid 
5 .aquancaa encoding tha amino acid sequence of BCF. 

specific anti-aara or monoclonal antibodiaa 
(described below) can ba mada to a synthetic or 
recombinant DC? paptida having tha sequence or 
fragmente of tha aaquanca of amino acid residues. 
10 auch a. thoaa shown in Figures 1A or IB. An axampla 
la tha tryptic fragment ahown in FIG. 2, and 
antibodiaa thereto can ba usad to immunoprecipitate 
any BCF present in a aalactad tissue, call extract, 
or body fluid, Purifiad BCF from thia aourca can 
than ba sequenced and uaad as a basis for designing 
spacific probea as dascribad abova. Antibodiaa to 
othar ragions that divarga from Known BCF can also ba 
usad. Also usaful as antigens ara purified native or 
recombinant BCF. 

20 As mentioned above, a DMA sequence encoding BCF can 
be prepared synthetically rather than cloned. The 
DNA sequence can be designed with the appropriate 
codons for tha BCF amino acid sequence. In general, 
one will select preferred codons for the intended 

25 host if the sequence will be used for expression. 

The complete sequence is assembled from overlapping 
oligonucleotide prepared by standard methods and 
assembled into a complete coding sequence. Sfifi, 
m.fl.. Edge (1S51) Hftfcure. 222:756? Hambair, fit fil. 
30 (1984) fiance 22ls""» Jav < 1984) t7 ' B i w1 ' 

ghsa- 251*- 6^11. 

Synthetic DNA aequances allow convenient construction 
of genes which will express BCF analogs or "muteina". 
Alternatively. DNA encoding muteins can be made by 
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site-directed mutagenesis of native BCF genes or 
cDNAs, and muteins can be made directly using 
conventional polypeptide ayntheeis. Kuteins altered, 
for example, by tha substitution xxt acidic rasiduaa 
5 (a-fl-t clu or could hava reduced activity toward 

»embrane-bound or complex substrata* or hava anti- 
aense tharapautic uaaa for ovarproduction of BCF. 

Site-directed mutagenesis ia conducted ueing a primer 
aynthatic oligonucleotide complementary to a aingla 

10 atrandad phaga DMA to ba mutagenized axcapt for 
limitad mismatching, representing tha daairad 
mutation. Briefly, tha aynthatic oligonuclaotida is 
uaad as a primar to diract aynthaaia of a strand 
complamantary to tha phaga, and tha rasulting double- 

15 strandad DHA is transformed into a phage-supporting 

host bacterium. Cultures of the transformed bacteria 
are plated in top agar, permitting plaque formation 
from single cells which harbor the phage. 

Theoretically, 50% of the new plaques will contain 
20 the phage having, as a single strand, the mutated 
form; 50% will have the original sequence. The 
resulting plaques are hybridized with Xinaaed 
synthetic primer at a temperature which permits 
hybridization of an exact match, but at which tha 
25 mismatches with the original strand are sufficient to 
prevent hybridization. Plaques which hybridize with 
the probe are then picked, cultured, and the DNA 
recovered. 

Native, recombinant or synthetic BCF peptides (full 
30 length or subunits) can be used to produce both 

polyclonal and monoclonal antibodies. If polyclonal 
antibodies are desired, purified BCF peptide is used 
to immunize a selected mammal (fi.g. , mouse, rabbit, 
goat, horse, etc) and serum from the immunized 
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anfal later collected and treated according to Known 
procedure.. Co.po.ition. containing polyclonal 
antibodi.. to a vari.ty of antigen, in addition to 
BCF can b. mad. substantially free of antibodi.. 
which are not anti-BCF by iawmoaf f inity 
chromatography . 

Monoclonal anti-BCr antibodi- can also be raadily 
produced by ona .Killed in tha art for. tha 
di.clo.ura haraln. Tha ganaral .ethodology for 
•axing .onoclonal antibodi.. by hybridoaa. i. well 
toown. l«*ortal. antibody-producing call lin.. can 
al.o b. cr.atad by technique, other -than fusion, .uch 
a. diract tran.formatlon of B lVBrphocyte. witto 
oncoganic DMA. or transection with Epat.in-Barr 
viru.. See. ..«.. M. schr.i.r *£ ftl. . -Hybridoma 
T.chniqu..- (1980), Ha»merling at al- . -Monoclonal 
Antibodi.. And T-c.ll Hybridoaa." (1981), X.nnett fit 
A!.. -Monoclonal Antibodi..- (1980); asst. Alas U.S. 
Pat.nt MO.. 4.341.761, 4,399.121, 4.427.783, 
4,444.887, 4.451.570, 4.466.917, 4.472.500, 
4.491.632, 4,493.890. 

Panal. of .onoclonal antibodi.. produced against BCF 
paptida. can be .craened for variou. properties, 
i.*.. i.otyp.. epitope, affinity, etc. Of particular 
i int«re.t are .onoclonal antibodi.. that neutralize 
the activity of BCF. Such .onoclonal. can be readily 
identified in BCF activity assay.. High affinity 
antibodies are al.o useful in immunoaf f inity 
purification of native or recombinant BCF. 
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Antibodi.. to BCF forms described herein (both 
polyclonal and .onoclonal) may be used to inhibit or 
to rever.. arterial calcification. An appropriate 
therapeutic ..thod would be to treat the patient with 
an effective dose of anti-BCF antibodies through a 
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conventional intravenous route. In the treatment of 
local, acute inflammation, treataent with anti-BCF 
antibody would be indicated, perhaps by intramuscular 
injection. Theme compositions aay also be useful in 
targeting various fonw of tumors, since tumors are 
known to sometime* ca?cify, suggesting the presence 
of BCF. BCF antagonists, such as BCF auteins, could 
also be used in place of antibodies. 

The deteraination of the appropriate treataent 
regiaen (1.*., dosage, frequency of administration, 
systeaic vs. local, etc.) is within the skill of the 
art. For administration, the antibodies will be 
foraulated in a unit dosage injectable fora 
(solution, suspension, eaulsion, etc.) in association 
with a pharmaceutical ly acceptable parenteral 
vehicle. Such vehicles are usually nontoxic and 
nontherapeutic. Exaaples of such vehicles are water, 
saline. Ringer's solution, dextrose solution, and 
Hank's solution. Nonaqueous vehicles such as fixed 
oils and ethyl oleate may also be used. A preferred 
vehicle is 5% (w/w) human albuain in saline. The 
vehicle aay contain ainor aaounts of additives, such 
as suostanoes that enhance isotonicity and cheaical 
stability, fl.fl., buffers and preservatives. The 
antibody is typically foraulated in such vehicles at 
concentrations of about 1 >*g/al to 10 ag/al. 

Anti-BCF antibodies will also be useful in diagnostic 
applications. The present invention conteaplates a 
method, particularly a diagnostic aethod, in which a 
sample from a human (or other mammal) is provided, 
and the amount: of PCF is quantitatively aeasured in 
an assay. For example, employing anti-BCF 
antibodies in a quantitative immunoassay could be 
used to detect genetic deficiency in BCF. Antibody 
specific for BCF could be formulated into any 
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conventional immunoassay format; ft.fl-, homogeneous or 
heterogeneous, radioimmunoassay or ELISA. The 
various formats are veil known to those skilled in 
the art. See, fi.g., "Immunoassay" A Practical 
Guide" (D.W. Chan and M.T. Perlstein, «ds. 1987) the 
disclosure of which is incorporated herein by 
reference. 

In general, recombinant production of BCF can provide 
compositions of that BCF substantially free of other 
proteins having osteoinductive associated functions. 
The ability to obtain high levels of purity is a 
result of recombinant expression systems which can 
produce BCF in substantial quantities vis-a-vis in 
vivo sources. Thus, by applying conventional 
techniques to recombinant cultures, BCP compositions 
can be produced that are substantially "more pure than 
the compositions available from bone sources. 

purified BCF will be particularly useful as a tool 
in the design and screening of calcification 
inhibitors. First, milligram amounts or the material 
are obtainable according to the present invention. 
Milligram amounts are capabla of crystallization to 
permit three dimensional studies using T-ray 
diffraction and computer analysis. This may permit 
deduction concerning the shape of the molecule, thus 
defining proper shapes for substances usable as 
inhibitors of the activity normally exhibited by BCF. 
Generally, antagonists have been "peptides" whose 
interactions with a factor which is inhibited are 
stabilized by modification of the "residues- 
participating in the peptide bond so as to enhance 
the ability of the "peptide" to interact 
specifically with converting factor. Thus the 
peptide bond joins specifically chosen carboxylic 
acids and amines (not necessarily amino acids). 



2017466 



-28- 

These "peptides" art configured in a three 
dimensional array 10 u to complement the contours of 
the intended target, converting enzyme. A similar 
lock and key spatial arrangement may raault from 
5 molecules designed complementary to the surface 
contours of the BCF of the Invention. It is 
understood that "surface" includes convolutions which 
say face inward, and specifically includes the active 
site. Furthermore, "complementary" is understood to 
10 mean that, in addition to spatial conformations which 
"fit", interactions between the protein and the 
molecule which matches its surface contours are 
attractive and positive. These interactions may be 
hydrogen bonding, ionic, or hydrophobic affinity. 

15 Accordingly, the invention contemplates peptide 

antagonists or agonists (2-15 amino acids) to BCF 
which are characterized by three dimensional contours 
complementary to the three dimensional contours on 
the surface of recombinant BCF. By peptide in this 

20 context is meant that the antagonist or agonist 

contains carboxylic ocid amide bonds corresponding to 
one less than the number of residues. The carboxylic 
acid and amine participants need not be a -amino 
acids. 

25 Second, even without the assistance of a three 

dimensional structure determination, purified BCF of 
the invention is of significance as a reagent in 
screening BCF inhibitors In xiira as an ad hoe. 
approach to evaluation. Impure BCF preparations 

30 currently available yield confusing data due to the 
impact of the impurities on the test results. For 
example, contaminants which turn out to be themselves 
inhibitors, activators, or' substrates for BCF may 
interfere with the evaluation. Thus, a substantial 

35 improvement in current screening techniques for BCF 
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inhibitor. vould b. effected by the availability ot 
thm purified BCr protein. 

It will be understood that this description and 
disclosure of the Invention is intended to cover all 
chang.. and modification, of the invention which are 
within tha spirit and scopa of tha invantion. It is 
within the knowledge of tha art to insart, dalsta or 
substituta amino acids within tha amino acid sequence 
of a BCP without substantially af fecting tha 
calcification and bona growth inducing activity of 
tha molecule. Tha invantion is axprassly stated to 
ba broad anough to includa intentional delations, 
additions cr substitutions. Furthermore, it is 
recognized that one skilled in the art could 
recombinants produce such modified proteins. 

Hativa, recombinant or synthetic BCF peptides (full 
length or subunits) can be further used to produce 
both polyclonal and monoclonal antibodies. If 
polyclonal antibodies are desired, purified BCF is 
/ 20 used to immunise a selected mammal (ft.fl.. «ouse, 

V rabbit, goat, horse, etc.) and serum from the 

immunised aniaal later collected and treated 
according to known procedures. Compositions 
containing polyclonal antibodies to a variety of 
25 antigens in addition to BCF can be made substantially 
free of antibodies which are not anti-BCF by 
immunoaffinity chromatography. 

Monoclonal anti-BCF antibodies can also be readily 
produced by one skilled in the art from the 
disclosure herein. - The general methodology for 
making monoclonal antibodies by hybridomas is well 
known. Immortal, antibody-producing cell lines can 
also be created by technique, other than fusion, such 
as direct transformation of B lymphocytes with 
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oncogenic DMA. or transaction with Epstein-Barr 
vim. See, «.fl.. H. schr.i.r »t si-. -Hybridoma 
Techniques- (1980); Haamerling at ftl. , -Monoclonal 
Antibodies And T-call Hybrldomaa" (1981); Kennett *i 
Al., -Monoclonal Antibodies" (1980); ft*. OlMO. O.S. 
Patant Mob. 4.341,761; 4.399.121; 4,427.783; 
4.444.887. 4.451,570; 4,466,917; 4,472,500; 
4,491,632; 4,493,890. 

Panels of monoclonal antibodies produced againat BCF 
paptidaa can ba screened for varioua properties; 
i.*.. iaotypa, apitopa, affinity, ate. Of particular 
intaraat ara monoclonal antibodia. that nautralixa 
the activity of BCF. Such monoclonals can ba raadily 
identified in BCF activity a..ays. High affinity 
antibodias ara also useful in immunoaff inity 
purification of nativa or recombinant BCF. 

Anti-BCF antibodia. will also ba u.eful in diagnostic 
application.. For example, bona i.olated from 
o.teoporo.i. patient, may .how that it i. deficient 
in BCF. Thu., the pre.ent invention contemplate, a 
method, particularly a diagnostic method, in which a 
bone .ample from a human (or other mammal) i« 
provided, and the amount of BCF i. quantitatively 
measured in an a.«ay. Antibody specific for BCF 
could be formulated into any conventional immunoassay " 
format; «.fl. , homogeneous or heterogeneous, 
radioimmunoassay or ELISA. The various format, are 
wall known to those skilled in the art. See, *.fl.. 
-immunoassay: A Practical Guide- (D.w. Chan and 
M.T. Perl.tein, eds. 1987) the disclosure of which is 
incorporated herein by reference. Quantitative 
assays other than immunoassays could also be used to 
measure the relative levels of BCF compared to a 
standard or prior observed BCF level in a patient. 



2U17466 



-31- 

The following examples «r« provided by way of 
illustration but are not intended to limit tha 
invention in any way. 

RXAMPI* 1 
fiegy^nce Analysis of BCF 

Tha 22K protains of interest, partially purifiad from 
human and bovina sourcas as dascribad by Urist, j& 

aJL., Proc- Mat. V ?»d. Sci. PSA, fil, 371-375 (1984), 
vara furthar purifiad to homogeneity by praparativa 
g«l alactrophorasis and electroalufcion (M.W. 
Hunkapiller, E. Lujan, F. Ostrander and L.E. Hood, 
Methods in E nEvmoloov. 21: 227-236 (1983)). This 
purification shovad that tha initial partially 
purifiad samplaa contained, in addition to tha 22K 
BCF, othar mammalian protains at 34K, 19K, 14K and 
6X. Aftar pracipitation with acatona (W. H. 
Konigsberg and L. Bandar son, Htthfrdg In EnsypolfrgY, 
91 : 254-259 (1983)) and quantitation by amino acid 
analysis (B.A. Bidlingmayar, S.A. Cohan and T.L. 
Tarvin, Journal of rhromatooraphv. J2fi: 93-104 
(1984)), tha matarial was raducad under denaturing 
conditions with 2-marcaptoathanol and cystaina 
rasiduas wara darivatirad with 4-vinyl-pyridine (M. 
Friedman, I*.G. Krull and J.F. Gavins, JPUCTttl vt 
Biological Chemistry , 245: 3868-3871 (1970)). Aftar 
exhaust iva dialysis to remove tha denaturant, protain 
recovery vas assessed by a repetition of amino acid 
analysis. Tha proteins were digested with TPCK- 
trypsin in the presence of 2M urea to generate 
unblocked peptide fragments suitable for sequence 
analysis (G. Allen, sequencing of Proteins and 
peptides , pages 51-62 (1981), Elsevier/North Holland 
Publishing Company, Amsterdam, Holland) . Products of 
the digestion were resolved by reverse-phase high 
performance liquid chromatography using gradients of 
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.c.tonitril. or acton itril./i.oprooanol in a**-" 
trifluoroactic acid (J.E. Shlvly. HathO**-*! 
niililnnlrrmniirr^"^ w 

Huwn. Pr..«. Clifton. H.w - 
fraction. v.r. »ubj«c±-d to «toMt«J Ed»an 
Ration an #1- ^/^t^ 

..guancar (M.*. HumcapiU-r. a.K. Hawick ™" 
and I..B. Hood. lfntTinHtl In miYlOlMY, 21* 
(198*)). Th. ph.nylthiohydantoin amino acid 
Livativa. war. idantlf iod by odontography on an 
a«nliad BiosystsM 120A FTH analyr.r (K.W. 
H^aptulr/^U^o^^. —~ 
14 (W85). Appli«» Bio.y.tams. Fo.t.r City 
California). Th. uBCT ..quanc. ^^^^ 
».thod i. confined by th. ..qu.nc. d.duc.d fro- th. 
huaan cDNA in KG. 1. 

E X^PLE 2 

PHft Tft nlation 

^ «a. isolate fro. fr.ah 7-onth old calf bon.s 
<obtainad fro. Rancho V.al M.at PacXars, P.taH»a. 
CA) or fro. human osteosarcoma c.ll«. 

calf f«nr .idshaft. v.r. scrap** fr.. of ~™<*^ 
tisau. and .arrow, broX.n into coars. frag».nts, and 
froz.n at -80-C. Hu~n ost.osarco»a dl. v.r. alao 
froxan at -80- C. RHA va. iaolafd fro. both th. 
froxan ti..u.. by th. guanidiniu. 
,.thod (Maniati.. ... Fritach. K.F. and Sa*>rook ; , J. 

L\. cTd Spring Harbor. H* *™ 
30 o.».. Clayb.xg.r. C. OaKruytf R ; . ~^£. D £ 4 . 
an d Cantor. H. Brcc^-M atl ■ ' ml. fWlil PSA . * 09 
.098 (1983)). An ost.rix.r was «** *» 
th. bovin. ti.su. dir«ctly in th. guanidiniu. 
thiocyanat. .xtraction solution. Poly(A>+ «~ 
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10 



15 



purlti^ by a .lngl. fractionation over ollgo(dT)- 
C.llulo.. (ManiatL. *£ ftl- . OSiSXA) • 

rnnnr r ^tio ^ ff f r*"» T.lhrar l oa 

Fir.t .trand cOHA wa. .ynth..i«.d fro. bovin. »atri* 
or hu»an o.t.o M rco M poly (A) * FHA u.ing condition. 
.i»il.r to OXayama and Bar, (Okayama, H. and Barg. 
nn1 , r Biol. 1. 4094-4098 (1983)). About 

£^of Poly(M : Z in 20,1 5.K trU-hydrochlorid. 
(PH 7.5iva. to 65'C for 3 »in. than quick 

coLd on w.t ic. and i-.diat.ly (at roo. 

t W ratur.) to contain 5<*M Tri.-hydrochlorid. (pH 
6.) «t 42'C), 8lM HgCl 2 . XOlM 
oithlothreitol. 2** "Ch of dATP. dGTP. 
[a -"p)dCTP(-300cp«/P»ol>. 60 unit. RN.sin. and 2.5 
„g oligo (dT) 12 -i8 (total volu». 40-1). Th. 
reaction «a. initiate by th. addition of 50-60 unit, 
of eloMd »olon.y -urin. leu*e»ia viru. r.v.r.. 
tran.cripta.. and continue for 60 .in at 42 C. 
ooubl—trandad (d.) cOHA .ynth.si. and ^J**** 
Edition w.r. p.rfor..d by two different 
initially, th. ..cond cDNA .trand wa. "**h~£J 
th. -thod of Widen. * -I- ("ickan.. 
G.M. and Schi.*.. R.T. i^-J***-^ 251: 2483-2495 
(1978)). Th. hairpin loop wa. removed from th. d» 
5 by 81 nucl.a.., ..thylafd with EcoRI 

lad. bLt-.nd.d with T 4 DHA polyera... 1 ^.d to 
phosphorylafd EcoRI linker, and finally dig..t£ 
with EcoRI (Maniati., *t al.. aupxa) . Lat * r ' ^* 
..cond CDHA .trand wa. synthesized by th. ~th<* °< 
l0 Gubl.r and Hoff»an (Gubl.r, D. and Hoffan, 

263-269 (1983)) a. modified by Aruffo and S.ad 

ILuffo, A. and Seed. B. i W n tl ■ *C H«1. ffffl.. Vg A 

£",573-8577 (1987)). The ds cDHA wa. then ligat.d 
to ..ywietrically (he.i) phosphorylated EcoRI 
35 adapted (see oligonucleotide synthesis) as described 
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by Aruffo and S«d, SilDXA. phosphorylated with T 4 
polynucleotide kinase (Mani.tis. *t ftl*. «MB£A). 
adjusted to 0.5M NaCl. 25-* EDTA »nd heated at 75 C 
for 15 -in to inactivate the polynucleotide 
5 Th. d. CDMA prepared by both procure. «a. separated 
fro. unligated linkers/adapter, by chro.atography o» 
Biog.l A-15. and recovered by .thanol precipitation. 
CDHA v.. ligated to **AP ar- (Stratagene) with T 4 
DMA liga.e (H.« England Biolab.) « ^ 
10 supplier, but included 15% polyethylene glycol (PEC) 
8000 (Sig»a) . a -edification describe by Pf 
and Zi M .™ (Ph.iffe r. B.H. and Zi-er»an. 8.B. 
Huclx _ AEidj ^ 11 s 785.-7871 («83,). Th. 1 gated 
DNA was recovered by centrifugation (12.000 xg>. 
15 washed with chlorofom. dried, resuspended in 4,1 
water and incubated with an in XitZtt packaging 
extract (Stratagene) according to supplier. 
Recosbinant phage were propagated in Z- Cflli »B4 
(Stratagene) . 

finrtiini 1 * nf ounotwifiHotiaM 

Oligonucleotides were synthesized by the 
phosphora»idit. .ethod with an Applied Biosytem. 
poster City. CA, -od.l 380A synthesizer, purified by 
25 polyacryla»in. gel electrophoresis and desalted on a 
waters SEP-PAX ( c 18) cartridge. A 10-«er 
oligonucleotide (5'CCGAATTCGC3M was synthesized and 
used as the EcoRI linker for cOHA library 
construction. Prior to ligation, the linker was 
30 phosphorylated with T 4 . polynucleotide kinase 

(Maniatis. *.. Fritsch. E.F. and Sa»brook. J.. 
Mfiifl£aifiE _ c ^^ (Cold spring 

Harbor Lab.. Cold Spring Harbor. MY. 1982)). A 14- 
B er oligonucleotide ( 5 ' CCTGTAGATCTCCG 3 * ) and a 18— r 
35 oligonucleotide ( 5 ' AATTCGGAGATCTACAGG3 ' ) were 
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synthesized and used as the EcoRI adaptara. Tha 14- 
mar was phoaphorylatad (Kaniatis, fli Ol- . MIDTA) and 
aubaaquantly haatad to 95* C for 15 Bin to inactlvata 
polynucleotide kinase, prior to annealing with tha 
18-»ar. Thaaa aaymaatrically phoaphorylatad adaptara 
alao contained an intaxnal BgXU raatriction enzyme 
aita. Based on tha amino acid sequence of tha human 
BCF tryptic fragment, a two-fold degenerate 45-mer 
oligonucleotide proba vas daslgned (FIC. 2, proba A) 
following tha rulas of Latha (JLathe, R., Ji Mol *. 
Biol, lfil: 1-12 (1985)). Tha two oligonuclaotida 
probaa (A and B) wara synthesized basad on tha amino 
acid saquanca of a purified tryptic paptida of tha 
human bona calcification factor (hBCF) (FIG. 2). 

EXAMPLE I 
pianino nf tha cDNX Libraries 

a. Human osteosarcoma libraries. 

Approximately 300,000 recombinant phage were plated 
(50.000 phage/137mm dia. plate) in E- G2li BB4, grown 
for 5-6 h at 37* C, transferred to nitrocellulose 
filters (Millipore, HAT* 137), processed according to 
Benton and Davis (Benton, H.D. and Davi». R.H. , 
Science 124: 180 (1977)) and screened with 
oligonucleotide probe A. Eighteen putative hBCF cDMA 
clones from 300,000 recombinants were identified. 
Southern blot analyses (described below) of the cDKA 
inserts were performed using probe A and also probe B 
(FIG. 2), a fully degenerate 18-mer oligonucleotide 
contained within proba A. Most of the clones 
hybridized to both probes. The probe was end-labeled 
with T 4 polynucleotide kinase and (-r 52 -P)ATP 
(Maniatis, ftt ftl. , amaa) to a specific activity of 
1-2X10 8 cpm/pg. The filters were prehybridized for 
1-2 h at 37* C in 20% (vol/vol) formamide, 5xSSC 
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(lxSSC - 0.15 M sodium chloride/0. 15H sodium citrate, 
pH 7), 5x Denhardt'e solution (lx Denhardt'e solution 
- 0.02% polyvinylpyrrolidone/0. 02% Ficoll/0.02% 
bovine serum albumin), 10% dextran sulfate, 50mM 
sodium phosphate pH 6.8, 1 iM sodium pyrophosphate, 
0.1% MaDodSO* and 50>ig/ml denatured salmon sparm DMA. 
Labalad probe was added to a concentration of 
10 6 cpm/ml and hybridization vas continued overnight 
at 37 a C with gentle shaking. The filters were washed 
twice (20 mln/wash) in 2XSSC, 0.1% NaDodSO* at 55*C 
and exposed to Kodak XAR-2 film with a Dupont 
Lightning Plus intensifying screen overnight at 
-80" C. Areas of plaques giving signals on duplicate 
filters were picked, replated and rescreened as above 
until pure plaques were obtained. 

Two of the double positive clones (Ost 3-7 and Ost 
3-17, FIG. 3) were sequenced and shown to contain 
identical overlapping sequences as well as a region 
encoding the tryptic fragment (FIG. 1 underlined and 
FIG. 2) . Ost 3-17 contains the complete mature 
protein coding sequence, but not the complete signal 
peptide, as is evident from the bBCF cDNA shown in 
FIG. 1. 

An additional 300,000 recombinant phages from two 
different osteosarcoma cDNA libraries were -later 
plated and screened as above but with the following 
changes: (1) The hybridiration mix contained 40% 
formamide, SxSSC, 5X Denhardt's solution, 10% PEG 
8000, 50mM sodium phosphate pH 6.8, 0.5% NaDodSO* and 
50/ig/ml denatured; (2) the filters washed at 65 # C in 
2XSSC, 0.1% NaDodSO^ and (3) the probe was a 240bp. 
DMA fragment obtained by digesting cDHA clone Ost 3- 
7 with Bglll and Asp718 (probe C, FIG 3). The probe 
was purified and labeled by the oligo-primer method 
(Feinberg, A. P. and Vogelstein, B. , Anal. Biochem. 
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122: 266-267 (1984)) to a specific activity of >1 x 
10 9 cpm/„g. Approximately 20 clones from each . 
library gave strong hybridization signals and 
restriction enzyme analysis of these clonss 
identified several that vara longer than Ost 3-17. 
Ons of these, Ost 1-7 (FIG. 3), was sequenced and 
judgsd to be full lsngth bassd on its homology to ths 
bovins BCF cDNA clone, dascribsd below. 

b. Bovins bona matrix cOMA library. 

Approximately 300,000 recombinants from ths bovins 
bona matrix cDNA library vara screened with proba c 
(FIG. 3), a 240b. p. BglH - Asp 718 DMA fragment from 
°»t 3-7, undsr ths conditions described for probe A 
except that formamide vas omitted from the 
hybridization solution. The filters were vashed at 
55*C in 2XSSC, 0.1% NaDodS0 4 . Twenty-four positive 
plaques were identified. Clone bbl.1-7 (FIG. 4), 
which contained the largest insert, was sequenced and 
shown to contain sequences homologous to hBCF., The 
deduced amino acid sequence of the bBCF cDNA 
indicates that amino acid -4 is not the initiation 
codon due to the presence of a Val at this position. 
The most likely initiation codon is located at amino 
acid position -17 which is 28 nucleotidas beyond the 
5' end of the hBCF Ost 3-17 clone. The Met at 
position -17 is also preceded by an acceptable 
ribosome binding site. 

EXAMPLE 5 

SUbCloning, Sequencing and Ai^lYffll 

Recombinant plasmids were released in the Bluescrlpt 
SK(-) vector from A ZAP by the M13 rescue/excision 
protocol described by the supplier (Stratagene) . The 
plasmids were propagated in £. qqIX BB4 , and plasmid 
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DNA was isolated by the alkaline lysis method 
(Manlatis, ej; aJL., mHttEa). cDHA inserts were txcii.d 
with either EcoRI or Bglll restriction enzymes 
(Boehrlnger-Mannhela). purified by polyacryl amide gel 
electrophoresis (Manlatis, j& ^ , .j^) and pa.. ag . 
ovar an Klutip-d column (Schleicher and Schuall) and 
subclonad into the K13 sequencing vectors (Yanisch- 
Perron, C. , Viera, 3. and Messing, J., Gene m 103- 
119 (1985)). DMA sequencing was performed by the 
dideoxy chain termination method (Sanger, F. NicJclen, 
S. and Coulson. A.R., Prog. Natl. Acad, ftni ns^ 21: 
5463-67 (1977)) using M13 primers as well as specific 
internal primers. Ambiguous regions were resolved 7- 
deaza-2-deoxyguanidlne-triphosphata (Barr, P.J., 
Thayer, R.M.', Laybourn, P.. Najarian, R.C.. Seela, 
F., and Tolan, D. , Biotechnlqn ffB 4.: 428-32 (1986)) . 
and sequenase (U.S. Biochemicals) . 

a. Northern Blot 

Poly (A) + RMA was fractionated on a 1.4% agarose gel 
in the presence of formaldehyde (Lehrach, H., 
Diamond, D. , Vozney, J.M. and BoedtJcer, H. , 
BloclieBlttrY 1&: 4743-51 (1977)) and directly 
transferred to nitrocellulose according to Thomas 
(Thomas, P. , Proc. Natl. Acad, sn, Tfffft JZ'. 5201-5 - 
(1980)). Filters were hybridized with probe C as 
previously described (EXAMPLE 4, Screening of the 
cDNA Libraries) in the 40% formamide containing 
hybridization solution and were washed at 55* c in 
2XSSC, 0.1% NaDodS0 4 and O.lxSSC, 0.1% NaDodS0 4 with 
autoradiography following each set of washings. 

RNA transfer blot analysis demonstrates the presence 
of two mRNA forms of -0.9 and l.akB in human 
osteosarcoma tissue. The two forms vere also 
observed in human placenta but were absent in a human 
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liver cell line, HTPG2. The two form* were also 
observed in bovine bone matrix cells with the larger 
form predominating. A trace of the large species 
could also Joe seen in bovine bone marrow. The two 
5 mRNAs are most likely generated by differential 

polyadenylation at the 2 sites (AATAAA) found in the 
3' untranslated region. 

b. Southern Blot 

1. Genomic 

10 lOpg of genomic DNA (Clontech) was digested with 
EcoRX, fractionated on 0.7% agarose gels and 
transferred to nitrocellulose according to Maniatis, 
ft& Al-r JUlPXft. Hybridization and washing conditions 
were identical to those described in a. above. 

15 Genomic DNA transfer bio* analysis suggests that 

h&CF and bBCF are single copy (or low copy) genes due 
to the few l>ands seen in the EcoRI digest. 

2. cDNA Clones 

DNA from cDNA clones were digested with EcoRI or 
20 Bglll, fractionated on 1.0% agarose gels, transferred 
to nitrocellulose (Haniatis, e£ aJL*, supra 1 and 
hybridized with probe A as previously described or 
with probe B in a tetramethylamnonium chloride 
containing hybridization solution under conditions 
25 described by Wood (Wood, W.I., Gitschier, J., Lasfcey, 
L. and Lawn, R. , Proc. Natl. Acad. Sci. nsx fl2: 1585- 
88 (1985)), 
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EXAMPLE 6 
Expressi on of hBCF In Yeast 

Yeast expression vectors were constructed for 
intracellular production or secretion of hBCF from 
5 the ADH2/CAPDH regulatable promoter- Since the first 
cDHA clone did not contain DMA encoding a signal 
peptide, methionine-4, vas used as the N-terainal 
amino acid for these constructions. Subsequent cDNA 
analyses, and identification of a classical signal 

10 peptide, and a signal peptidase cleavage sits, 

allowed construction of a yeast a~factor/hBCF fusion 
with glut amine 4-1 as the N-terminal aaino acid of 
recombinant hBCF* For cloning into expression 
vectors, natural Nco-1, Bgl-1 and Spe-1 sites were 

15 used together with the synthetic oligonucleotide 

adapters shown (FIG* 4). Since Spe-1 and Xba-1 give 
the same restriction enzyme overhang, the initial 
construction was simply an insertion of the Nco-1/ 
SPE-1 hBCF gene into Nco-l/Xba-1 digested 

20 pBSlOOhaFGF, a vector containing ADH2/GAPDH promoter 
and GAPDH terminator elements flanking a synthetic 
human acidic fibroblast growth factor (FGF) gene. 
The haFGF gene contains an Nco-1 and unique Xba-1 
sites. The resulting plasmid, pBSlOOhBCF, was used 

25 for further constructions. Thus, the Nco-l/Sal-1 

fragment containing the hBCF gene was cloned together 
with BAKHl/Nco-1 fragments encoding the GAPDH and 
AOH2/GAPDH promoters into BamHl/Sal-1 digested 
pBS24.1. The resulting plasmids, pBS24A/G** BCFK Q 

30 to 183) and pBS24 GAPhBCF (-3 to 183), were used to 
direct intracellular expression of hBCF. For 
secretion, Bgl-l/Sal-1 fragments were excised and 
cloned into pBS24.1 together with BamHl/Xba-1 
fragments encoding the ADH2/GAPDH promoter, the yeast 

35 a." factor secretory signal/leader sequence, and the 
synthetic linkers shown in FIG. 4 (boxed) , for 
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expression of hBCF(-4 to 183) and hBCF(l-183). Yeast 
cells transformed with expression plasnids encoding 
ADH2/GAPDH prosoter-hBCF ( -4-183) and GAPDH prosoter- 
hBCF(-4-l$3) fusions, as analyzed by SDS-PAGE and 
Coomassie blue staining of tortal proteins, shoved no 
expression as compared with control yeast cells* 
Therefore, to study secretion systems, the pBS24 
plasmids containing a -factor loader-hBCF (-3-183) and 
hBCF (1-183) fusions were constructed. In each case, 
transcription vas driven by the ADH2/CAPDH promoter. 
Yeast strain AB110 vas transformed with the yeast 
expression plasnids, and yeast supernatant* were 
analyzed by precipitation with 10% trichloroacetic 
acid and separation by SDS-PAGE. High levels of 
expression of the approximately 22xD product was 
observed by Coomassie blue staining, vhen compared 
vith control yeast cells transformed vith the parent 
yeast vector pBS24. The transformant AB110 (pBS24.1 
22kQ) is deposited under accession number ATCC 20948. 
The active lot of yeast cells comprised a pool of 
two lots, KQ-2 and KQ-3, from vhich the recombinant 
BCF vas isolated and purified as follows. 

Lot KO-2 

The cells vere removed by centrifugation from the 
fermentation medium, and the medium concentrated 
using a YM10 Amicon spiral cartridge. The 
concentrate vas diafiltered into vater, then 20 mM 
Tris-Cl, 1 mM EDTA, 3 M HaCl, pH 7.5. This vas 
passed over a column of prep grade Superose 12 at 
4 # C, then at room temperature. The 22KBCF did not 
sticX to either column. The flovthrough vas purified 
by adsorption onto Superose 12 HR 10/30, and eluted 
vith the same buffer but vith 1 M NaCl. 
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* «ediu» concentrated *• 

aga in,t v.t.r. th.n 20 -M "^'J coluan , 
5 Thl. v.. load.d onto « 0 . 5 M „ aC l. 

„. b .d. and .1^ vith •^•; t . r :° 1 ° d . ntifi ^ by 
Th- »KBCr-contai»l», fraction, war ^ 
g .l .l^trophora.1.. pool^. .d}u.t.d 

, «.m and loaded onto a sup«ro" 
tfl th .olid H.Cl^ and loa ^ 

10 10/30 coluww Tha MKBCr vaa 
containing 1 M Had. 

- sup.ro.. -luata. (fro. ~ LEI 
pool-, conc.ntr.t- u.in* W 10 hillzea . 
15 Tirr- c.U. dialyz- v.r.u. vat.r, and ly P 

Al t.mativ.ly. th. r.corf>inant BCF .ay i-lafd 
and purifi— a. follow.. 

2 „ tt. concntr.t. i. ail""* « ^..^.n,. 

r..ln P r.-.^1U«.^ -1 ^ vlth X col*»n 

»" t " SP - !!. ^ v . ^«.r and .lut* u.ln, . 
volua. of th. abov. dux* ^ ftmv Th. 22KBCF 

U «t . conductivity of ^ 

„ ov.r • S-X0. ^ ~"»" l " « "7;"^ »KB« 
containing fraction, .r. ld.ntl«i« By 
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HUMA > 

• CP6 TAT G6C IAT TAT 6GA tfC CC* TX 



HiMft CA0 CAfl TAT CAT SAC TAC AGC SAT SAT SG8 TG9 ET6 AAT TTB AAC CGS CAAGGCTTCA0CTACCA6TSTCCCCM 



GG5 CM CT8 ATA CTfi GCC STB 



«— ^6 CE5 GAS T69 CAS TTT TAC TST 1ST CEC TAC AGC AA6 ASA TGC CCA TAT TCC TGC T63 CTA ACA ACA 6AA TAT CCA 66T CAC TAT SGT 6X 



W W * TS «« ATT TCC TAC AAT TAt MI TAC IAT ATC CGA G5A 6CA ACA ACC ACT TTC Tn ^ ITS A6S KI CSC M T6S TTC M 



*T8 T6C CGS AT8 ACT 6M TAC 6AC TST SM TTT GCA MT 6TT TAG 



FIG. IG 
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tovi* - CM TAT «T 6* UT 83 TAC Ttt TAT 



xmftt CAT CM TAC CAT GAC IK Ml GAC GAT 6SG T66 6T6 AAT OS AAC CS6 CM GGC TTC AflC TAC CM TST CDC C* 666 CM GT6 6T6 6TS GCC 6TS 



Jdftt AGS AfiC ATC TTC WC MS AM SAA G6T TCC GAC AGA CM T68 AAC TM GOC Tl£ ATI Ctt ACA CCC CM A6C CT6 GGG GM CCT AC6 6M TGC TG5 



^im T63 CM 6M ATC AAC A63 6a G3A ATS 6AA TE5 TAC CA6 ACA Ttt Ttt AAC AAT G6A 01 616 6CA W TTC CM AGC C8C TAC TTC GA6 TtA 676 



cvtrvt CT6 GAT CSC 5* T66 CAA TTT TAC T6C T6T C3C TAC AGC A* WTGC CCA TAT Ttt T6C T66-CT6 ACA ACA EAA TAT OA CGC C* TAT GGT GX 



bcvin* 5A6 AT6 6AC AT6 ATT TCC TAC AAT TAT 6AT TAC TAT AT6 C6A 656 GCA ACA ACC ACTTTCTCIECA6T66AAA£SGATCGCCMTG6AAATTC AT; 



Bovtnt ATS T5C CSS A76 ACT GAC TAT GAC T6T 6AA TTT GCA AAT 6TT TM 



PIG ID 
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Tryptlc FrAgatnt 

CYS TRP LEU THR THR CLU TYR PRO CLY HIS TYR CLY CLU CLU MET 
5 f TCC TCC £TG ACC AC A GAG TAC CCT CGC CAC TAT CGC GAG GAG ATG 3» 
T 

Prob. A 

3 f ACG ACC fiAC TGG TGT CTC ATG GGA CCG CTC ATA CCG CTC CTC TAC 5* 
K 



HIS TYR CLY GLU GLU MET 
CAC TA£ GGX CA£ GA£, ATG 3* 
T T CO 



Prob« 8 



GTfi. ATfi. CCX CT1 CT1 TAC 5 f 
A A C C 



FIG. Z 
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J/, i CC.ATQ.qcc.TqQ.qqc.Cftq.TAT.C^c. 
n/^|»rot^rcr C^.T/l C.cq q.ft tc. c d q.QTC.ftTA.cc c, - . 



or C\ft?PVl . 

yep 



FIG.4A 




z2l 



22k 



frgft.LEO. ASP.LYS.ARq IftUft.TRP.GlY.qL»).TYR.qi y. . - 



TCt lCTA.Q ftT.Aftft.ftQft.QCC.Tqq.Ctq CCft C.TAt "r.qq 
A q ft. qlTrc p A.ttt.t it. ic^ q. ft cc ccq. qTj CTHTft. cc <j. 



. LE U .ft S P.L^ S .A RqEL^ 



CLiO.TY R.QLY 

Cft <j Tftj r.Q q C 

AQ A qAT qTft.TTT.TCT.q.Tl cAf ft.ccq 



TCT l^T ft.Q ftT. ft Pi ft. ft Q A.CA ^Tftl T.Q q C 
^ITA. 



FIG. 4 
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